the structure of lignin, causing cellulose swelling and partial decrystallization of cellulose. Also, dilute alkali pre-treatment is found to remove the various uronic acid groups and acetyl groups in hemicelluloses [9] .
The acid hydrolysis process, which has been described as one of the most effective way of solubilising hemicellulose sugars, results in an aqueous phase (hydrolysate) containing mostly xylose and glucose [10, 11] . Dilute or concentrated acid can be used to hydrolyse the cellulose and hemicellulose present in the lignocellulosic biomass to sugars [12] . Acid hydrolysis is much faster compared to enzymatic method. 90% of the monosaccharide yield could be achieved by using concentrated acid pre-treatment of biomass [13] .
In the current study one factor at a time (OFAT) analysis was carried out for the factors like time, agitation speed, acid and alkali concentration and quantity of the raw material to identify the parameter level. These levels were used to generate centre points for response surface methodology (RSM) experiments to achieve maximum production rates of glucose as response.
Methods

Substrates and Chemicals
The de-oiled oil seed cake (DOSC) was collected from biodiesel manufacturing plant situated at NMAMIT, Nitte, India.
Processing of DOSC
DOSC was homogenised in a waring blender and was mixed with distilled water in the ratio 1:2. The mixture was then heated at 70°C for 45 min and cooled to room temperature. Oil separated out into the top layer was skimmed out. Excess water was then drained and DOSC was dried in a hot air oven at 100°C until the dry cake (DC) was obtained. DC was then ground to a fine powder for further use.
Initial compositional analysis of raw material
In order to find the effectiveness of acidic and alkaline hydrolysis the initial composition i.e. cellulose, hemicellulose, lignin and ash content of DC was estimated. Cellulose content was determined according to Rivers method [14] .The hemicellulose, lignin and ash content was estimated according to Ververis method [15] 
Optimization of pre-treatment of DOSC
Pre-treatment of DOSC was carried out by 2 methods, namely, acid hydrolysis with sulphuric acid and alkali hydrolysis with sodium hydroxide.
Selection of significant parameters and their levels by OFAT
The conventional OFAT approach was used to select the significant physical parameters and the initial test range of the four variables i.e. time (X 1 ; h), H 2 SO 4 or NaOH concentration (X 2 , % v/v/N), DOSC concentration (X 3 ; g/l) and agitation speed (X 4 , RPM) for both the pre-treatment processes. The effect of the parameters on the pretreatment process was checked varying one parameter at a time and keeping the other parameters and process conditions constant (Table 1 ). All the experiments were performed in duplicates. The experiments were carried out in 250 ml conical flasks containing 100 ml of acid or alkali solution of appropriate strength, with appropriate quantity of DOSC (Table 1 ). The flasks were agitated at different speeds for different intervals of time (Table 1) and the estimation of reducing sugars released was carried out by dinitrosalicylic acid (DNSA) method [16] . The parameter levels at which maximum reducing sugars were extracted, were chosen as the centre point values to enhance the pre-treatment process by RSM. 
Central Composite Design
Two experimental factors: NaOH or H 2 SO 4 concentration (X 1 , N/%v/v) and Time (X 2 , h) were selected for RSM optimization. These factors showed significant effect on the pre-treatment process during OFAT studies and their levels were optimized for maximum extraction of reducing sugars from DOSC using central composite design (CCD) for both acid and alkali hydrolysis. The concentration of reducing sugars extracted on pre-treatment was determined as the output (Y) and was designated as Y ac and Y al for acid and alkali hydrolysis, respectively.CCD was designed with two factors and five levels (Tables 2  and 3) , and it consisted of 12 experimental runs (Tables  4 and 5 ). The levels of other non significant factors were kept constant at the tested centre values during the OFAT studies. These optimization experiments were designed by STATISTICA software [17] . The data of pre-treatment studies obtained was subjected to analysis by using analysis of variance (ANOVA) using the same software.
A second order polynomial model was utilised to obtain the mathematical response between the response and the independent variables
Where Y is the dependent response, the βo, βi, βii, βij are estimates of polynomial coefficients and Xi, Xj represent independent variables. (Table 1) in both the pre-treatment processes were obtained by OFAT. When time was varied as a factor keeping other factors constant (X 2 = 4 %v/v/N; X 3 = 50 g/l; X 4 = 100 rpm), RRS concentration increased with increase in time up to 3 h for NaOH and 2 h for H 2 SO 4 hydrolysis respectively (Fig 1) . Similarly, when concentration of NaOH/H 2 SO 4 was varied as a factor keeping the other factors constant (X 1 = 3h/2h for NaOH/ H 2 SO 4 ; X 3 = 50 g/l; X 4 = 100 rpm), it was observed that RRS increased with increase in NaOH up to 4N and H 2 SO 4 concentration up to 6%v/v, beyond which there was a decrease (Fig 2) . A similar decrease in concentration of RRS beyond 10 dm 3 /m 3 and 2.5% v/v of H 2 SO 4 was observed during sulphuric acid hydrolysis of wheat straw and sugarcane bagasse [18] [19] [20] . However, in the present study, on the variation of agitation speed and DOSC concentration, it was observed
The optimization experiments were carried out in 250 ml conical flasks containing 100 ml of acid or alkali solution as per Tables 4 and 5 . The agitation speed and weight of DOSC was maintained at 75 rpm and 60 g/L (from OFAT studies). The flasks were taken out at time intervals as mentioned in the design and the estimation of released reducing sugars was carried out by DNSA method [16] .
Estimation of released reducing sugars by DNSA method
The samples subjected to acid hydrolysis were neutralised to pH 7.0 by treating with phosphoric acid: 10%w/v sodium hydroxide solution in the ratio 1:1. The expected products of hydrolysis are glucose, galactose, cellobiose and minor saccharides as xylose and arabinose. All of these saccharides are reducing sugars [16] . Therefore, the concentration of released reducing sugars (RRS) was then estimated by the colorimetric method using the UV Vis spectrophotometer at 540 nm with 3, 5-DNSA reagent with maltose as standard [16] .
Validation of the second order polynomial model
The second order polynomial model obtained from RSM was validated by conducting a series of experiments generated by choosing random values of parameters within the optimized levels. Also, experiments were conducted at the optimized conditions generated by the software. The experimental output was then compared to the values predicted by the second order model obtained from CCD, to estimate the goodness of fit of the model.
Results and Discussion
Compositional analysis of raw materials
To determine the efficiency of acidic and alkaline hydrolysis designed to convert lignocellulosic polysaccharides to reducing sugars, the composition of the raw materials were investigated. It was found that they are composed of cellulose (27.8 g %), hemicellulose (31.23 g %), lignin (4.27 g %), and ash (4 g %). Tables 6 and 7 indicate the ANOVA table for release of reducing sugars on acid and alkali hydrolysis of DOSC respectively. Table 6 shows that the linear effects of both the independent variables and the interaction between time and H 2 SO 4 concentration showed highly significant effect on the reducing sugar concentration released by acid hydrolysis of DOSC (Y ac ), whereas only the quadratic effect of time (p<0.0009) was significant. Similarly, the quadratic effects of both the independent variables and the interaction between time and NaOH concentration showed highly significant effect on the reducing sugar concentration released by alkali hydrolysis of DOSC (Y al ), whereas only the linear effect of time (p<0.009) was significant ( Table 7) . Previous reports have depicted that the linear effects of time was highly significant on NaOH pre-treatment of Dendrocalamus sp. waste and H 2 SO 4 pretreatment of corn-stover where taguchi design and CCD were used to optimize the processes respectively [21, 22] .
The response surface graph for Y ac and Y al as a function of time and NaOH/H 2 SO 4 concentration is depicted in Figures 5(a) and 5(b), respectively. It was observed that release of reducing sugars increased with increase in that there was no significant difference in RRS (Fig 3 and  4) . On the basis of these results obtained, levels of factors (X 1 and X 2 ) were determined and subjected to optimization by CCD. The insignificant independent parameters, i.e. DOSC concentration (X 3 ) and agitation speed (X 4 ) were maintained at the centre of their levels (60 g/L and 75 rpm respectively).
Optimisation of parameters for release of reducing sugars by acid and alkali hydrolysis by CCD
The influence of time (X 1 ) and NaOH or H 2 SO 4 concentration (X 2 ) on release of reducing sugars after acid and alkali hydrolysis of DOSC was determined by CCD as indicated in Table 4 and 5. These tables also present the observed values for RRS concentration by acid hydrolysis (Y ac ) and alkali hydrolysis (Y al ) at different combinations of the independent parameters. The RRS concentration was found to vary from 0.01 mg/ml to 0.583 mg/ml for acid hydrolysis and 0.182 mg/ml to 0.376 mg/ml for alkali hydrolysis in the twelve experiments conducted. time on alkali (NaOH) hydrolysis of DOSC, whereas in case of acid (H 2 SO 4 ) hydrolysis, a decrease was seen after 3 h probably because of destruction of sugars over long time exposure to acid. The reducing sugar release increased continuously with the increase in NaOH/H 2 SO 4 concentration in both the cases. The increasing trend of reducing sugar release may be probably due to the lignin removal with the increase in acid/alkali concentration [23] .
The optimized levels of variables (X 1 and X 2 ) for the maximum release of reducing sugars by both the hydrolysis were determined by desirability profiles (Figures 6 and 7) . On the basis of desirability plots the optimized factors for obtaining maximum Y ac were 11.65% v/v of H 2 SO 4 concentration at 1.28 h of treatment, whereas for Y al , 4 N of NaOH at 3.7 h of treatment was found to be optimum. The desirability function to get the maximum release of reducing sugars was plotted by the least square method. The level of variable giving the highest desirability (1.0) was selected as the optimum level. Experiments were performed at the optimized levels of variables mentioned above and concentration of RRS was found to be 0.69 g/L (41.36 mg RRS/ g cellulose) and 0.40 g/L (23.98 mg RRS/ g cellulose) for acid hydrolysis and alkali hydrolysis of DOSC, respectively.
The regression equations for release of reducing sugars by acid and alkali hydrolysis of DOSC, as a function of the two independent variables (X 1 and X 2 ) and their The second order models obtained were validated using a random set of experiments other than the experimental runs (Tables 8 and 9 ). The observed values of RRS were compared with the RRS values as predicted by the second order models. These results indicate that there is excellent correlation between experimental and predicted values and in turn proves the validity of the models.
Conclusions
Acid and alkali hydrolysis were found to be potential methods for release of reducing sugars from de-oiled oil seed cake. RSM was found to be an efficient methodology for the determination of conditions leading to effective pretreatment of de-oiled oil seed cake using H 2 SO 4 and NaOH hydrolysis. One of the major problems in production of bioethanol from lignocellulosic biomass is its pre-treatment, since this is one of the most expensive and energy consuming steps in the whole conversion process. The significance of this work is that it includes the use of cheap chemical aides (H 2 SO 4 and NaOH) which in turn makes the process of bioethanol production cost effective. In this study, it was observed that acid pre-treatment released more reducing sugars than alkali pre-treatment in a short span of time. Moreover, the optimized conditions obtained from this study can be used for large scale pre-treatment of de-oiled oil seed cake to ensure maximum release of reducing sugars before using it as a substrate for bioethanol production. 
